However, it is important to follow-up continuously workers who have been exposed to these amines.
In Japan no cases of occupational bladder tumours from the rubber industry have been reported. It is emphasized that prospective epidemiological studies are required not only in the rubber industry but also in other industries where amines may constitute an occupational hazard.
A synthetic dye called alizarin, which is a derivative of anthracene, was first produced in Japan in 1914. Since that time the dye industry has developed rapidly, and by 1938 Japan had become the fourth largest dye-producing country in the world. In the year 1938 her total production of dyes from coal represented 14% of the entire world production (Hosoda, 1957) . Dye production started decreasing after 1938 and eventually became negligible because of the second world war. However, production was resumed after the war and had reached the pre-war level by 1953 . in the following years the output of benzidine increased considerably, partly because of increasing demands for export to mainland China. The working conditions at that time were very poor and cases of workers with acute cystitis or haematuria caused by heavy exposure to benzidine were frequently reported (Oida, 1957) .
During the 30-year period after dye production began, mainly before the second world war, only three reports of occupational bladder tumour were published. The first report, concerning occupational bladder tumour in a dyestuffs manufacturing plant in Japan was made by Nishimura (1940) who found four cases. In the same year, Nagayo and Kinoshita (1940) In 1948, occupational bladder tumours first became a focus of social concern as a health problem among industrial workers, and a committee ap-pointed by the Ministry of Trade and Industry investigated the problem in the dyestuffs industries.
Since 1951 there have been a number of reports of individual patients with an occupational bladder tumour, but no review or report has been made on the overall situation of occupational bladder tumour in the dye industry in Japan, except for those by Shiki (1970) , Tsuchiya (1969 ), Tsuji et al. (1961 . However, these reports do not necessarily cover all the cases; most probably they cover only a portion of the total number. It is also suspected that their reports may have partially overlapped.
In 1955, which may be the critical year in terms of improvement of the working conditions in the dye industry, the Ministry of Labour, the Japan Dyestuff Industry Association, and others, took steps to improve process control and workers' health care in the industry. In 1961 the Papanicolaou (1947) method of cytological examination of urine to detect early signs of tumours, began to be widely used in the dye stuffs and related industries. Furthermore, in 1971 the production and use of benzidine were prohibited by law.
In our study we have attempted to review the overall situation of the problem in Japan, to estimate its magnitude, and present an epidemiological picture of the bladder tumour problem which has never been clearly outlined.
Method of study One of the authors of this paper (SI), has been a consultant since 1950 for the Ad Hoc Committee on Industrial Hygiene of the Japan Dyestuff Industry Association. At the end of 1969, 13 large companies belonging to this association which employs nearly 90% of the dye manufacturing workers were obliged to submit the records of cases of bladder tumour kept by each company according to the Labour Standard Law. The records included name, date of birth, sex, address (including permanent address by koseki, a family registration system), date of employment, pre-employment history, period of exposure to aromatic amine carcinogens (start and termination dates), name of aromatic amine, results of Papanicolaou tests and other medical findings (histology, cystoscopy, etc.), date of retirement, and date of death. By the end of 1970, Ishizu had received 100 forms completed by physicians based on hospital records and submitted to the Japanese Dyestuff Industry Association.
In addition to the study of case reports, all of the above companies were asked to submit a report by the end of 1970 regarding the following items: total number of employees, age, sex, number of workers who had been exposed to carcinogenic aromatic amines as of December 1969, number of exposed workers who had retired during the period 1947 to 1969, and date of termination of the use of carcinogenic substances. Papanicolaou tests have been carried out by Ishizu since 1962, covering all the exposed workers in those factories. All efforts were made to detect cases among retired workers.
Results
In this paper only significant results are reported. Table 1 shows the total number of workers exposed to carcinogenic amines in the past or still exposed at December 1969. A total of 1787 workers had been exposed to such amines excluding the retired workers, although most companies had ceased the production of fl-naphthylamine and benzidine by that date. Of these, only nine manufacturing workers, four workers using the dye, and eight who were only indirectly associated (for example, those working in repairs, transport, etc.) from company E were still exposed to f-naphthylamine at that date. During the 23-year period from 1947 to 1969, 737 workers had retired; of these workers, 223 had handled benzidine and 196 had been engaged in the production of benzidine; in the case of ,B-naphthylamine, the figures for handling and production were 108 and 62 respectively.
A total of 1450 workers, including available retired workers, were offered the Papanicolaou test during the year 1969. Table 2 shows the results of the test. As shown in the table, the highest positive rates (grade III or higher) were observed (10-11 %) among the workers who had been engaged in the production of f-naphthylamine. Among those workers with grade III or higher, seven cases of bladder tumour were confirmed by cystoscopy.
In Fig. 1 , 100 cases are classified by calendar year in terms of the year in which the diagnosis of bladder tumour was first made. It should be noted that only a few cases were observed before 1955, most probably because of the long latent period of the disease. As shown in Fig. 2 , most of the workers entered work after 1945, but some of them started to work between 1935 and 1940 because, as mentioned in the introduction, Japan is i relative newcomer to this industry.
With regard to the age distribution of the 100 cases, as shown in Table 3 , the average age seems to be much younger than that of the general population. Ichikawa (1958) Although we could not detect all the cases among the retired workers, we made a rough estimation of incidence, as shown in Table 4 . As already shown in Table 2 , higher incidences among workers involved in the production of either benzidine or fl-naphthylamine are observed than among those workers who just handle the substances. However, since we could not be sure that all the information had been gathered, the difference in the incidences In Table 6 , the latent period of the 100 cases in this report are classified according to the carcinogen to which they have been exposed. The overall average of the latent period was 16 years. This time span is shorter than those reported by Scott (1962) and Hueper (1969) . The relationship between the latent period and the time of entry into the occupation is shown in Fig. 3 . The negative association between the latent period and the age of first exposure to carcinogens indicates that the older the age of entry to work, the shorter the latent period. This finding is not necessarily in agreement with previous reports (Uebelin and Pletscher, 1954; Temkin, 1963) . However, the influence of the retirement age, which is 55 years in Japan, should be considered a factor in this negative association (see line showing retirement age, Fig. 3 ). Those people who started work at a later age are likely to have escaped observation. It is assumed, therefore, that if all the retired workers had been observed, more cases would have been detected among them. The degree of exposure in dose and time is another factor to be considered in this respect.
Discussion
From these results it is considered that the magnitude of the problem of occupational bladder tumourinthe dye manufacturing industry has lessened because since 1949 many industrially developed countries have prohibited the production and use of carcinogenic aromatic amines. However, other occupations such as textile dyers, rubber workers, potters' printers, lifelong cobblers, iron and steel workers, and electric cable workers have been recognized as having a potentially significant occupational history (Veys, 1969; Davies, 1965) . Furthermore, the introduction of new chemicals such as 4,4'-diamino diphenylmethane, o-tolidine, and o-dianisidine in clinical and biochemical laboratories may exhibit potential carcinogenic properties (Veys, 1972) . Before proceeding to epidemiological studies on this new problem, we had planned to draw an overall epidemiological picture of occupational bladder r tumours caused by the classical aromatic amines to which dye workers had been exposed in Japan. However, in spite of our efforts, the present study could not achieve a satisfactory result because we were not able to check all retired workers who had worked in the dye industry.
In particular, it is important to note here that those workers who have been exposed to o-naphthylamine should be followed-up, since among past workers only one worker with a positive Papanicolaou test was found (Table 2) . About 4% ,B-naphthylamine was contained as an impurity in ox-naphthylamine in the past in Japan (Japan Dyestuff Industry Association, 1970) . Since 1970 the amount of fl-naphthylamine as an impurity has been reduced to less than 1 %. These observations, with future studies, should give important information about the dose-response relationship of the amine.
The total number of cases of occupational bladder cancer in the world since the first report was made by Rehn (1895) is estimated by Temkin (1963) to be more than 2000 and by Hueper (1969) to be between 2500 and 3000. This occupational cancer has been reported from many countries, including the United Kingdom (Scott, 1962) .
Although Hueper (1969) estimated there were 50 to 75 cases of occupational bladder cancer in Japan, our study reveals at least 100 cases and even that figure is likely to be low since our observation was limited to large dye industries and did not cover all the retired workers.
The death rate from bladder tumour is reported to be lower by two-thirds to a half in Japan than in western countries (Segi, Kunihara, and Matsuyama, 1969) . There is also a report showing a lower death rate among Japanese-Americans than among Caucasian Americans (Smith, 1956) . From our study, it would not appear that Japanese workers were less sensitive to bladder carcinogens compared with workers in western countries.
It is generally believed that ,B-naphthylamine is a stronger carcinogen than benzidine (Hueper, 1969) . However, it was not possible to demonstrate this either by examining incidence or latent period in this study. The workers in many instances are exposed to both chemicals, and it is usually very difficult to find workers who are exposed only to ,B-naphthylamine, or only to benzidine. However, according to Case et al. (1954) there was no difference in the incidence of cancer between those exposed to ,B-naphthylamine and those exposed to benzidine. In addition, the important factor of dose (concentration in the air or working environment, and duration of exposure) for each worker could not be precisely determined in this study. Thus it was difficult to depict a clear-cut epidemiological picture.
In Japan, no cases were reported in the rubber industry, although the incidence of the disease in this industry seems to be high in England (Veys, 1969) .
The present position of the carcinogenic aromatic amines is still complicated (Clayson and Cooper, 1970) . In the light of such findings, more efforts should be made to carry out epidemiological studies and to detect cases among workers, not only in the rubber industry but in other industries and occupations where workers may be exposed to known carcinogenic amines at insidious levels, as well as to other amines which may possibly be carcinogenic.
